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,QWURGXFWLRQ
'HVSLWH VLJQLILFDQW WHFKQLFDO SURJUHVV RI QRQGHVWUXFWLYH LQVSHFWLRQ PDGH LQ UHFHQW \HDUV WRZDUG GHWHFWLQJ
PDWHULDOTXDOLW\SUREOHPVDQGUHGXFLQJWKHQXPEHURIGHIHFWVVRPHGHVWUXFWLYHWHVWVVWLOOSOD\LUUHSODFHDEOHUROHLQ
GLVFRYHULQJWKHURRWFDXVHRIWKHTXDOLW\SUREOHPV7KHEHQGLQJDQGIODWWHQLQJWHVWVDVRQHVRIGHVWUXFWLYHWHVWVDUH
ZLGHO\ XVHG WR H[DPLQH WKH SODVWLFLW\ RI VWHHO SODWHV DQG SLSHV DQG WR HYDOXDWH WKHLU DELOLW\ WR UHVLVW FUDFNLQJ RU
VXUIDFHLUUHJXODULWLHV>@0DQ\FRXQWULHVDQGRUJDQL]DWLRQVKDYHLVVXHGWKHLUVWDQGDUGPHWKRGVIRUEHQGLQJDQG
IODWWHQLQJWHVWVVXFKDV*%7>@*%7>@*%7>@,62>@,62>@,62>@
$670( >@$670$ >@ HWF:KHQ WKHVHDUHXVHGDVSURGXFW VWDQGDUGVRI VWHHOSODWHVDQGSLSHV WKH
FULWHULDIRUIDLOXUHVKDYHWREHVSHFLILHGVRWKDWWKHPDQXIDFWXUHUVDQGXVHUVFDQFRQYHQLHQWO\FDUU\RXWWKHLQVSHFWLRQ
DQGDFFHSWDQFH+RZHYHU WKHFULWHULDLQGLIIHUHQWVWDQGDUGVDUHQRWLGHQWLFDODQGVRPHVSHFLILFDWLRQVDUHQRWIXOO\
GHWDLOHGZKLFKPLJKWEULQJDERXWPLVXQGHUVWDQGLQJRUHYHQWUDGHGLVSXWHV>@
$VIRUWKHEHQGLQJWHVWVRIVWHHOSODWHV WKHDYDLODEOHFULWHULDLQFXUUHQWVWDQGDUGVDUHGHILQHGLQWKHOLJKWRIWKH
DVVXPSWLRQWKDWWKHVWHHOSODWHVDOZD\VEHQGDORQJWKHIRUPHUV)RULQVWDQFHDFDVHRIREHQGLVVKRZQLQ)LJ
D ZKHUH WKH OHQJWK RI $UFD D WKH QHXWUDO SODQH RI VWHHO SODWH LV FRQVLGHUHG WR EH XQFKDQJHG 7KXV WKH
HORQJDWLRQFDQEHFDOFXODWHGE\XVLQJWKHOHQJWKRI$UFEEWKHRXWHUVXUIDFHRIVWHHOSODWHZKLFKLVH[SUHVVHGDV
>@

 D t
G  

  
ZKHUHG'DQGWDUHWKHHORQJDWLRQGLDPHWHURIWKHIRUPHUDQGWKLFNQHVVRIWKHVWHHOSODWHUHVSHFWLYHO\$QG7DEOH
OLVWVHORQJDWLRQVDWYDULRXVUDWLRVRIWKHGLDPHWHURIWKHIRUPHUWRWKHWKLFNQHVVRIWKHVWHHOSODWH'W
+RZHYHUVXFKDVLPSOHFDOFXODWLRQLVWRRURXJK,QIDFW WKHVWHHOSODWHVGRQRWDOZD\VEHQGDORQJWKHIRUPHUV
GXULQJ WKH EHQGLQJ SURFHVV:KLOH LQ PRVW RI FDVHV WKH VWHHO SODWHV EHQGPRUH VKDUSO\ DQG KHQFH KDYH KLJKHU
FXUYDWXUHDVVKRZQLQ)LJE,IWKHDVVHVVPHQWLVVWLOOSHUIRUPHGE\XVLQJ(TVRPHVWHHOSODWHVKDUGO\PHHW
VXFKRYHUO\KDUVKUHTXLUHPHQWZKLFKPLJKWUHVXOWLQXQQHFHVVDU\ZDVWH$OWKRXJKWKLVSUREOHPZDVPHQWLRQHGE\
/L>@IXUWKHULQYHVWLJDWLRQKDV\HWWREHFDUULHGRXW
:LWKWKHGHYHORSPHQWRIQXPHULFDOVLPXODWLRQWHFKQRORJ\WKHILQLWHHOHPHQWPHWKRGSURYLGHVDQHIIHFWLYHZD\
WRGHDOZLWKVXFKSUREOHPV+HUHLQWKHQXPHULFDOGLIILFXOW\LVJXDUDQWHHGWRFRQYHUJHZKHQPHVKHOHPHQWVKLJKO\
GLVWRUW GXH WR ODUJH GHIRUPDWLRQ RFFXUULQJ LQ VRPH ORFDO DUHDV 7KH FODVVLFDO /DJUDQJLDQ PHWKRG ZKLFK LV DQ
DOJRULWKPWRFDOFXODWHWKHGHIRUPDWLRQRIPDWHULDOVE\XVLQJFORVHO\DVVRFLDWHGGHIRUPDEOHPHVKDQGZLGHO\XVHGLQ
VWUXFWXUDO PHFKDQLFV IDFLOLWDWHV WKH WUHDWPHQW RI PDWHULDOV ZLWK KLVWRU\GHSHQGHQW FRQVWLWXWLYH UHODWLRQV EXW KDV
LQDELOLW\ WR IROORZ ODUJH GLVWRUWLRQ RI WKH FRPSXWDWLRQDO GRPDLQ ZKLOH WKH WUDGLWLRQDO (XOHULDQ PHWKRG LV DQ
DOJRULWKPWRVLPXODWHWKHFRQWLQXXPIORZLQJLQDULJLGPHVKDQGPDLQO\XVHGLQIOXLGG\QDPLFV>@7KHUHIRUH
WKHDUELWUDU\/DJUDQJLDQ(XOHULDQ$/(PHWKRG WRFRPELQH WKHDGYDQWDJHVRI/DJUDQJLDQDQG(XOHULDQPHWKRGV
DQGPLQLPL]HWKHLUUHVSHFWLYHGUDZEDFNVKDVEHHQGHYHORSHGWRVLPXODWHODUJHGHIRUPDWLRQ$QGLWKDVVXFFHHGHGLQ
VLPXODWLQJPHWDOFXWWLQJSURFHVV>@
,Q RUGHU WR FOHDUO\ XQGHUVWDQG ODUJH GHIRUPDWLRQ EHKDYLRUV LQ EHQGLQJ DQG IODWWHQLQJ WHVWV WKH ILQLWH HOHPHQW
DQDO\VLV KDVEHHQ FDUULHGRXWE\XVLQJ$/(PHWKRG LQ$EDTXV VRIWZDUH DQG1L'5VWHHO SODWHV DQG&U0R
VWHHOSLSHVH[WHQVLYHO\XVHGLQ LQGXVWULHVKDYHEHHQDSSOLHGIRUEHQGLQJDQGIODWWHQLQJUHVSHFWLYHO\ WRYHULI\WKH
VLPXODWHG UHVXOWV $GGLWLRQDOO\ IDFWRUV LQIOXHQFLQJ WKH VLPXODWHG UHVXOWV KDYH DOVR EHHQ GLVFXVVHG 7KLV VWXG\ LV
XVHIXOWRUHYLVHVRPHFXUUHQWVWDQGDUGVIRUEHQGLQJDQGIODWWHQLQJWHVWV

1RPHQFODWXUH
į HORQJDWLRQ
D GLDPHWHURIWKHIRUPHU
t WKLFNQHVVRIWKHVWHHOSODWH

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)LJ6FKHPDWLFGLDJUDPVKRZLQJEHQGLQJRIVWHHOSODWHVDDVVXPHGFDVHEDFWXDOFDVH
7DEOH(IIHFWRI'WRQWKHHORQJDWLRQRIVSHFLPHQVXUIDFH
D/t      
(ORQJDWLRQ      
)LQLWHHOHPHQWPRGHOV
2.1. Mechanical properties of materials 
1L'5VWHHOLVXVHGIRUSODWHEHQGLQJWHVWV,WLVDSURPLVLQJFDQGLGDWHPDWHULDORIODUJHVFDOHGVWRUDJHWDQNV
IRU/LTXHILHGQDWXUDOJDV /1*GXH WR LWV IDYRUDEOHFRPELQDWLRQRIKLJK VWUHQJWKDQGJRRGGXFWLOLW\ HYHQDW WKH
OLTXLG QLWURJHQ WHPSHUDWXUH $VLGH IURP KLJK SXULW\ DQG QLFNHO HOHPHQW FRQWHQW WKH DGYDQFHGKHDW WUHDWPHQW
WHFKQRORJ\GRXEOHQRUPDOL]LQJDQGWHPSHULQJ117LVDOVRDSSOLHGWRIXUWKHUHQKDQFHWKHPHFKDQLFDOSURSHUWLHVRI
1L'5 VWHHO 117 KHDW WUHDWPHQW LV WKDW DQ LQWHUPHGLDWH QRUPDOL]LQJ ć  LV DGGHG EHWZHHQ WKH ILUVW
QRUPDOL]LQJ ć DQG WHPSHULQJ ać ZKLFK UHILQHV PDUWHQVLWLF JUDLQV DQG LQFUHDVHV WKH IUDFWLRQ RI
UHYHUVHGDXVWHQLWHDQGKHQFHLPSURYHVWKHPHFKDQLFDOSURSHUWLHV>@0HFKDQLFDOSURSHUWLHVRI1L'5VWHHO
IRUEHQGLQJWHVWVDUHOLVWHGLQ7DEOH$QGWKHELOLQHDUVWUDLQKDUGHQLQJPRGHOLVXVHGLQILQLWHHOHPHQWDQDO\VLV
&U0RVWHHO LVXVHG IRUSLSH IODWWHQLQJ WHVWVZKLFK LVTXHQFKHGDWć IROORZHGE\ WHPSHULQJDWć WR
REWDLQ JRRG SURSHUWLHV >@7DEOH  OLVWV WKHPHFKDQLFDO SURSHUWLHV RI &U0R VWHHO IRU IODWWHQLQJ WHVWV DQG WKH
ELOLQHDUVWUDLQKDUGHQLQJPRGHOLVDOVRFKRVHQLQILQLWHHOHPHQWDQDO\VLV
2.2. Finite element modeling 
$EDTXVVRIWZDUHLVXVHGWRVLPXODWH WKHSURFHVVHVRIEHQGLQJRIVWHHOSODWHVDQGIODWWHQLQJRIVWHHOSLSHV%RWK
6WDQGDUGPRGXOHEDVHGRQ/DJUDQJLDQPHWKRGDQG([SOLFLWPRGXOHEDVHGRQ$UELWUDU\/DJUDQJLDQ(XOHULDQ$/(
PHWKRGDUHHPSOR\HG$QGPHVKVL]HDQGFRQWDFWSURSHUWLHVZLWKRUZLWKRXWIULFWLRQDUHDOVRWDNHQLQWRDFFRXQW
7KH EHQGLQJ VSHFLPHQ PDGH RI 1L'5 VWHHO KDV D GLPHQVLRQ RI PPOHQJWKh PPZLGWKh
PPWKLFNQHVV 'LDPHWHU RI IRUPHU LV PP DQG WKH GLVWDQFH EHWZHHQ WZR VXSSRUWV LV PP 2ZLQJ WR WKH
V\PPHWU\ RI WKHEHQGLQJ VSHFLPHQ D'PRGHO LV FUHDWHG IRU ILQLWH HOHPHQW DQDO\VLVZKHUH WKH IRUPHU DQG
VXSSRUWVDUHVHWDVWKHGLVFUHWHULJLGDVVKRZQLQ)LJD,PSOLFLWDQDO\VLVEDVHGRQ/DJUDQJLDQPHWKRGMXVWQHHGV
WRVHWDQDO\VLVVWHSVPDWHULDOSURSHUWLHVFRQWDFWSURSHUWLHVERXQGDU\FRQGLWLRQV ORDGLQJFRQGLWLRQVDQGPHVKLQJ
EHIRUHFDOFXODWLQJ:KHUHDVH[SOLFLWDQDO\VLVEDVHGRQ$/(PHWKRGKDVWRVHWDGDSWLYHPHVKGRPDLQVLQWKHDQDO\VLV
VWHSVEHVLGHVWKHDERYHVHWWLQJV
7KH IODWWHQLQJVSHFLPHQPDGHRI&U0RVWHHOKDVGLPHQVLRQZLWKGLDPHWHU OHQJWKDQG WKLFNQHVVRIPP
PPDQGPPUHVSHFWLYHO\6LQFHWKHWKLFNQHVVLVPXFKVPDOOHUWKDQWKHGLDPHWHUDQGOHQJWKD'SODQH
VWUDLQPRGHOLVFUHDWHGIRUILQLWHHOHPHQWDQDO\VLVZKHUHWKHXSSHUDQGORZHUSODWHQVDUHVHWDVWKHDQDO\WLFDOULJLG
DVVKRZQLQ)LJE
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 
)LJ)LQLWHHOHPHQWPRGHOLQJDEHQGLQJWHVWRIVWHHOSODWHVEIODWWHQLQJWHVWRIVWHHOSLSHV
7DEOH0HFKDQLFDOSURSHUWLHVRI1L'5VWHHOSODWHVDQG&U0RVWHHOSLSHV
0DWHULDOV <LHOGVWUHQJWK
03D
7HQVLOHVWUHQJWK
03D
(ORQJDWLRQ

<RXQJ¶V0RGXOXV
*3D
3RLVVRQ¶VUDWLR
1L'5     
&U0R     
)LQLWHHOHPHQWDQDO\VLVUHVXOWV
3.1. Bending of steel plates 
%HQGLQJSURFHVVHV












)LJ%HQGLQJSURFHVVHVRIVWHHOSODWHVXQGHUGLIIHUHQWGLVSODFHPHQWRIWKHIRUPHUDPPEPPFPPGPPHXQORDGLQJ
)LJXUHVKRZVWKHVLPXODWHGUHVXOWVRIEHQGLQJSURFHVVHVRI1L'5VWHHOSODWHZKLOHWKHIRUPHUGURSVXSWR
PP)LJXUHDLVWKHRULJLQDOFRQGLWLRQ:KHQWKHIRUPHUEHJLQVWRGURSWKHVWHHOSODWHEHQGVDQGNHHSVFORVH
FRQWDFW ZLWK WKH IRUPHU DV VKRZQ LQ )LJ  E:KHQ WKH IRUPHU GURSV WR PP WKH VWHHO SODWH EHJLQV WR
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VHSDUDWHIURPWKHIRUPHUDVVKRZQLQ)LJF$VWKHIRUPHUGURSVWKHVHSDUDWLRQLQFUHDVHVDVVKRZQLQ)LJ
G7KHQWKHIRUPHUPRYHVEDFNWKHVXSSRUWORRVHVDQGWKHEHQWVWHHOSODWHVSULQJVEDFNDVVKRZQLQ)LJH
7KHVLPXODWHG UHVXOWV UHYHDO WKDW WKHPD[LPXPVWDLQRI1L'5VWHHOSODWHKDVUHDFKHGDIWHUEHQGLQJ
KRZHYHU ZKLFK LV MXVW  FDOFXODWHG E\ XVLQJ (T ,W LV REYLRXV WKDW WKH HPSLULFDO IRUPXOD VLJQLILFDQWO\
XQGHUHVWLPDWHV WKHGHIRUPDWLRQRI WKH VWHHO SODWHGXULQJ WKHEHQGLQJSURFHVV7KHGLIIHUHQFHKDVEHHQ DVKLJK DV
ZKLFKPLJKW OHDG WR LQFRUUHFW DVVHVVPHQWZKHQ HYDOXDWLQJ WKH SODVWLFLW\ RI WKH VWHHO SODWH HVSHFLDOO\ IRU
ZHOGHGMRLQWV
&RPSDULVRQRI/DJUDQJLDQDQG$/(PHWKRGV
/DJUDQJLDQPHWKRGZKHUHWKHQRGHVIROORZWKHPDWHULDOSDUWLFOHVKDVEHHQZLGHO\XVHGLQVWUXFWXUDOPHFKDQLFV
GXHWRLWVDFFXUDF\DQGKLJKVSHHG+RZHYHULWKDUGO\GHDOVZLWKODUJHGHIRUPDWLRQLVVXHVIRUWKHVWURQJGLVWRUWLRQV
RIPHVKHOHPHQWVZLOOOHDGWRWKHGLIILFXOW\RUHYHQWHUPLQDWLRQRIVLPXODWLRQ$/(PHWKRGZLWKWKHDGYDQWDJHVRI
/DJUDQJLDQDQG(XOHULDQPHWKRGVDQGZLWKRXWFKDQJLQJWKHRYHUDOOWRSRORJLFDOVWUXFWXUHGXULQJFDOFXODWLQJLVIDVWHU
WKDQWKHDGDSWLYHUHPHVKLQJPHWKRG
)LJXUH  FRPSDUHV VLPXODWHG UHVXOWV RI WKH EHQGLQJ SURFHVV E\ XVLQJ /DJUDQJLDQ DQG $/( PHWKRGV 7KH
VLPXODWHG UHVXOW EDVHGRQ/DJUDQJLDQPHWKRG VKRZV WKDW WKH ODUJH FRPSUHVVLRQGHIRUPDWLRQRFFXUVRQ WKHXSSHU
VXUIDFHRIWKHEHQGLQJVSHFLPHQZKHUHWKHPHVKLVVHYHUHO\VTXDVKHGZKLOHWKHODUJHWHQVLOHGHIRUPDWLRQRFFXUVRQ
WKH ORZHU VXUIDFHZKHUH WKHPHVK LV VHYHUHO\ VWUHWFKHG DV VKRZQ LQ)LJ D7KH VLPXODWLRQ WHUPLQDWHVGXH WR
VWURQJGLVWRUWLRQVRIPHVKHOHPHQWVZKHQWKHIRUPHUGURSVWRPP)LJXUHEVKRZVWKHVLPXODWHGUHVXOWE\
XVLQJ$/(PHWKRG'XULQJFDOFXODWLRQWKHDFFXUDF\LVJXDUDQWHHGE\UHPHVKLQJWKHVWURQJGLVWRUWHGHOHPHQWV$QG
WKHHOHPHQWV VWLOO KDYHJRRGTXDOLW\DIWHU VLPXODWLRQ&DUHIXO H[DPLQDWLRQRI)LJ D DQG)LJ E VKRZV WKDW
XQGHU WKH LGHQWLFDO GLVSODFHPHQW RI WKH IRUPHU /DJUDQJLDQ PHWKRG JLYHV KLJKHU GLVWDQFH RI WKH WZR HQGV DQG
FXUYDWXUHRIWKHERWWRPRIWKH8EHQG

 
)LJ&RPSDULVRQRI/DJUDQJLDQDQG$/(PHWKRGVD/DJUDQJLDQPHWKRGE$/(PHWKRG
(IIHFWRIPHVKVL]H
%HVLGHVDOJRULWKPVWKHPHVKVL]HZLOODOVRLQIOXHQFHWKHFDOFXODWHGUHVXOWV)LQLWHHOHPHQWPRGHOVZLWKPHVKVL]H
RI PP PP PP PP DQG PP DUH FUHDWHG WR LQYHVWLJDWH WKH HIIHFW RIPHVK VL]H )LJXUH  D VKRZV WKH
GLVWDQFHVRIWKHWZRHQGVRIWKH8EHQGZKHQWKHIRUPHUGURSVWRPPDQGWKH8EHQGVSULQJVEDFN,WFDQEHVHHQ
WKDW WKHGLVWDQFHVRI WKH WZRHQGVGHFUHDVHZLWKGHFUHDVLQJPHVKVL]HZKHQ WKHPHVKVL]H LV IURPPPWRPP
ZKLOHWKH\WHQGWREHVWDEOHZKHQWKHPHVKVL]HLVIURPPPWRPP$OWKRXJKWKHFRPSXWDWLRQDODFFXUDF\FDQEH
VOLJKWO\LPSURYHGDVWKHPHVKVL]HIXUWKHUGHFUHDVHV WKHFRPSXWDWLRQDOFRVWKDVWREHFRQVLGHUHG)RUD'ILQLWH
HOHPHQWPRGHOWKHFRPSXWDWLRQDOFRVWZLWKPPPHVKVL]HLVDERXWHLJKWWLPHVWKDWZLWKPPPHVKVL]H7KHUHIRUH
WR FRPSURPLVH WKH FRPSXWDWLRQDO DFFXUDF\ DQG FRVW PP PHVK VL]H LV PDLQO\ XVHG LQ WKLV VWXG\ H[FHSW IRU
GLVFXVVLQJ WKH HIIHFW RIPHVK VL]H)LJXUH D FRPSDUHV WKH FDOFXODWHG UHVXOWVZLWKPPDQGPPPHVK VL]HV
2EYLRXVO\WKHGLVWDQFHRIWKHWZRHQGVRIWKH8EHQGZLWKPPPHVKVL]HLVODUJHUWKDQWKDWZLWKPPPHVKVL]H
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ZKLFK LV PDLQO\ FDXVHG E\ WKDW WKH SRUWLRQ RI \LHOGHG HOHPHQWV LQFUHDVHV DQG WKH VSULQJEDFN GHFUHDVHV ZLWK
GHFUHDVLQJWKHPHVKVL]H

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0HVKVL]H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  
)LJ(IIHFWRIPHVKVL]HDWKHGLVWDQFHEHWZHHQWKHWZRHQGVRI8EHQGEFRPSDULVRQRIVLPXODWHGUHVXOWVZLWKPPDQGPPPHVKVL]HV
(IIHFWRIFRQWDFWSURSHUW\
,QDGGLWLRQWKHFRQWDFWSURSHUWLHVDPRQJWKHIRUPHUVXSSRUWDQGEHQGLQJVSHFLPHQKDYHHIIHFWVRQWKHVLPXODWHG
UHVXOWV WRR )LJXUH  FRPSDUHV WKH VLPXODWHG UHVXOWV ZLWKRXW IULFWLRQ EHWZHHQ WKH FRQWDFW SDLUV 7KH UHVXOW ZLWK
IULFWLRQFRHIILFLHQWRILVVKRZQLQ)LJDDQGWKDWZLWKRXWIULFWLRQQDPHO\KDUGFRQWDFWLVVKRZQLQ)LJE
,WFDQEHVHHQWKDWWKHIULFWLRQFDQHIIHFWLYHO\FRQVWUDLQWKHUHODWLYHVOLGHRIFRQWDFWSDLUVDQGUHGXFHWKHVHSDUDWLRQRI
WKH IRUPHU IURP WKH VWHHO SODWH&RUUHVSRQGLQJO\ VXFK VHSDUDWLRQEHFRPHV ODUJHUXQGHU WKH IULFWLRQOHVV FRQGLWLRQ
DQG WKHFXUYDWXUHRI WKHERWWRPRI WKH8EHQG LQFUHDVHVZKLFKPD\UHVXOW LQ WRRDJJUHVVLYHDVVHVVPHQW IRUVWHHO
SODWHV

 
)LJ(IIHFWRIFRQWDFWSURSHUW\DIULFWLRQDOEIULFWLRQOHVV
3.2. Flattening of steel pipes 
5HIHUULQJWRWKHVLPXODWHGUHVXOWVRIEHQGLQJSURFHVVHVRI1L'5VWHHOSODWH$/(PHWKRGDQGPPPHVKVL]H
DUHXVHG WRVLPXODWH WKHIODWWHQLQJSURFHVVHVRI&U0RVWHHOSLSHZKLOH WKHXSSHUSODWHQGURSVXSWRPPDV
VKRZQLQ)LJ)LJXUHDLVWKHRULJLQDOFRQGLWLRQ:KHQWKHXSSHUSODWHQEHJLQVWRGURSWKHVWHHOSLSHIODWWHQV
DQGNHHSVFORVHFRQWDFWZLWKWKHXSSHUSODWHQDVVKRZQLQ)LJE:KHQWKHXSSHUSODWHQGURSVWRPPWKH
VWHHOSLSHEHJLQVWRVHSDUDWHIURPWKHXSSHUSODWHQDVVKRZQLQ)LJF$VWKHXSSHUSODWHQGURSVWKHVHSDUDWLRQ
LQFUHDVHVDVVKRZQLQ)LJG7KHQWKHXSSHUSODWHQPRYHVEDFNWKHIODWWHQHGVWHHOSLSHVSULQJVEDFNDVVKRZQ
LQ)LJH
0HVKVL]HPP
0HVKVL]HPP
E
&RPSDULVRQ
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7KHVLPXODWHGUHVXOWVVKRZWKDWWKHIODWWHQHG&U0RVWHHOSLSH KDVD³SHDQXWVKDSH´DQGWKHOHIWDQGULJKWVLGHV
RI WKHIODWWHQLQJVSHFLPHQDUHKLJKO\FRQYH[ZKHUH ODUJHGHIRUPDWLRQRFFXUV LQ WKHVHORFDODUHDV,I WKHFODVVLFDO
LPSOLFLWDQDO\VLVEDVHGRQ/DJUDQJLDQPHWKRGZDVXVHGWKHFDOFXODWLRQFRXOGEHGLIILFXOWRUHYHQWHUPLQDWHGGXHWR
VHYHUHGLVWRUWLRQVRIPHVKHOHPHQWVVLPLODUWRWKHVLPXODWLRQ RIEHQGLQJSURFHVVHVRI1L'5VWHHOSODWH
)LJ)ODWWHQLQJSURFHVVHVRIVWHHOSLSHVXQGHUGLIIHUHQWGLVSODFHPHQWRIWKHSODWHQDPPEPPFPP
GPPHXQORDGLQJ
 %HQGLQJDQGIODWWHQLQJWHVWUHVXOWV
4.1. Bending test results of steel plates 
)LJ&RPSDULVRQEHWZHHQVLPXODWHGDQGH[SHULPHQWDOEHQGLQJUHVXOWVRIVWHHOSODWHV
7KH 1L'5 VWHHO SODWH ZLWK D GLPHQVLRQ RI PPOHQJWKhPPZLGWKhPPWKLFNQHVV LV XVHG IRU
EHQGLQJWHVWWRYHULI\WKHVLPXODWHGUHVXOWV$QGWKHIRUPHUGURSVXSWRPPDQGPRYHVEDFN7KHGLVWDQFHRIWKH
WZRHQGVDQGWKHZLGWKRIXSSHUDQGORZHUVXUIDFHRIWKHERWWRP RIWKH8EHQGDUHPHDVXUHG7KHGLVWDQFHRIWKH
WZR HQGV RI WKH 8EHQG LV PP DQG WKH VLPXODWHG YDOXH LV PP ZKHQ WKH IRUPHU GURSV WR PP 7KH
GLVWDQFHRIWKHWZRHQGVLVPPDQGWKHVLPXODWHGYDOXHLVPPZKHQWKHIRUPHUPRYHVEDFN7KHZLGWKRI
XSSHUVXUIDFHRIWKHERWWRPRIWKH8EHQGLVPPDQGWKHVLPXODWHGYDOXHLVPPZKLOHWKHZLGWKRIORZHU
VXUIDFHRI WKHERWWRPRI WKH8EHQGLVPPDQGWKHVLPXODWHG YDOXHLVPPZKHQWKHIRUPHUPRYHVEDFN
6LPXODWLRQ
([SHULPHQW
&RPSDULVRQ
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)LJXUH  FRPSDUHG WKH VLPXODWHG DQG H[SHULPHQWDO UHVXOWV ZKLFK DJUHH ZHOO ZLWK HDFK RWKHU H[FHSW D OLWWOH
GLIIHUHQFHLQVRPHORFDODUHDV
4.2. Flattening test results of steel pipes 
7KH&U0RVWHHOSLSHZLWKDGLPHQVLRQRIPPGLDPHWHUhPPOHQJWKhPPWKLFNQHVV LVXVHGIRU
IODWWHQLQJWHVWWRYHULI\WKHVLPXODWHGUHVXOWV7KHFRPSDULVRQ RIWKHVLPXODWHGDQGH[SHULPHQWDOUHVXOWVLVVKRZQLQ
)LJ  7KH\ DOVR VKRZ D JRRG DJUHHPHQW H[FHSW D OLWWOH GLIIHUHQFH 7KHVH UHVXOWV LQGLFDWH WKDW $/(PHWKRG LV
HIIHFWLYHWRFRSHZLWKWKHODUJHGHIRUPDWLRQLVVXHVLQEHQGLQJ DQGIODWWHQLQJWHVWV
)LJ&RPSDULVRQEHWZHHQVLPXODWHGDQGH[SHULPHQWDOIODWWHQLQJUHVXOWVRIVWHHOSLSHV
 &RQFOXVLRQV
7KH$/(PHWKRGFRPELQLQJWKHDGYDQWDJHVRI/DJUDQJLDQDQG(XOHULDQPHWKRGVLVHIIHFWLYHWRFRSHZLWK
VWURQJGLVWRUWLRQVRIPHVKHOHPHQWVGXHWRODUJHGHIRUPDWLRQRFFXUULQJLQVRPHORFDODUHDVRIEHQWVWHHOSODWHVDQG
IODWWHQHGVWHHOSLSHV
7KHPHVKVL]HDQGFRQWDFWSDUDPHWHUVKDYH LQIOXHQFHRQ WKH VLPXODWHG UHVXOWVEDVHGRQ$/(PHWKRG7KH
SRUWLRQRI\LHOGHGHOHPHQWVLQFUHDVHVDQGWKHVSULQJEDFNGHFUHDVHVDVWKHPHVKVL]HGHFUHDVHVDQGWKHIULFWLRQFDQ
HIIHFWLYHO\FRQVWUDLQWKHUHODWLYHVOLGHRIFRQWDFWSDLUVDQGUHGXFHWKHVHSDUDWLRQRIORDGLQJSLQIURPSODWHV
7KHVLPXODWLRQVDJUHHZHOOZLWKWKHEHQGLQJDQGIODWWHQLQJ WHVWUHVXOWV$QGWKHVHUHVXOWVLQGLFDWHWKDWVRPH
DYDLODEOHFULWHULDLQFXUUHQWVWDQGDUGVLJQRUHWKHVHSDUDWLRQRIIRUPHUIURPSODWHVDQGKHQFHJLYHVWUDLQVORZHUWKDQ
WKHDFWXDOYDOXHVZKLFKZLOOFDXVHLQFRUUHFWDVVHVVPHQW
$FNQRZOHGJHPHQWV
7KHDXWKRUVJUDWHIXOO\WKDQNILQDQFLDOVXSSRUWE\5HVHDUFK,QVWLWXWH7HFKQRORJ\'HYHORSPHQW6SHFLDO)XQG1R
(*DQG$QKXL6FLHQFHDQG7HFKQRORJ\3URMHFWIRU7DFNOLQJ.H\3UREOHPV1RF
5HIHUHQFHV
>@ 67+RQJ.6:HLO1LRELXPFODG / VWDLQOHVV VWHHO 3(0)&ELSRODU SODWHPDWHULDO WHQVLOH DQG EHQG SURSHUWLHV -RXUQDO RI 3RZHU
6RXUFHV±
>@ .$ %DEDNUL ,PSURYHPHQWV LQ IODWWHQLQJ WHVW SHUIRUPDQFH LQ KLJK IUHTXHQF\ LQGXFWLRQ ZHOGHG VWHHO SLSH PLOO -RXUQDO RI 0DWHULDOV
3URFHVVLQJ7HFKQRORJ\
>@ *%70HWDOOLFPDWHULDOV%HQGWHVW
>@ *%7&RUURVLRQRIPHWDOVDQGDOOR\V7HVWPHWKRGVIRULQWHUJUDQXODUFRUURVLRQRIVWDLQOHVVVWHHOV
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>@ *%70HWDOPDWHULDOV7XEH)ODWWHQLQJWHVW
>@ ,620HWDOOLFPDWHULDOV%HQGWHVW
>@ ,62'HWHUPLQDWLRQRIUHVLVWDQFHWRLQWHUJUDQXODUFRUURVLRQRIVWDLQOHVVVWHHOV
>@ ,620HWDOPDWHULDOV7XEH)ODWWHQLQJWHVW
>@ $670(6WDQGDUGWHVWPHWKRGVIRUEHQGWHVWLQJRIPDWHULDOIRUGXFWLOLW\
>@ $670$6WDQGDUGSUDFWLFHVIRUGHWHFWLQJVXVFHSWLELOLW\WRLQWHUJUDQXODUDWWDFNLQDXVWHQLWLFVWDLQOHVVVWHHOV
>@ 47:DQJ</XR&RPSUHKHQVLRQDQGGLVSXWHWRLQWHUJUDQXODUFRUURVLRQWHVWLQZHOGMRLQWRIDXVWHQLWLFVWDLQOHVVVWHHO3UHVVXUH9HVVHO
7HFKQRORJ\
>@ -+ +XDQJ 'LVFXVVLRQ WR VRPH SUREOHPV DERXW GHWHFWLQJ VXVFHSWLELW\ WR LQWHUJUDQXODU FRUURVLRQ RI DXVWHQLWLF VWDLQOHVV VWHHO LQ HYHU\
VWDQGDUGV3UHVVXUH9HVVHO7HFKQRORJ\
>@ 3-/L7KHSDUDPHWHUVVHOHFWLRQRIEHQGLQJWHVWRQDXVWHQLWLFVWDLQOHVVVWHHOZHOGHGMRLQWLQLQWHUJUDQXODUFRUURVLRQWHVWVWDQGDUG3UHVVXUH
9HVVHO7HFKQRORJ\
>@ $GHWRUR3+:HQ3UHGLFWLRQRIPHFKDQLVWLFFXWWLQJIRUFHFRHIILFLHQWVXVLQJ$/(IRUPXODWLRQ7KH ,QWHUQDWLRQDO-RXUQDORI$GYDQFHG
0DQXIDFWXULQJ7HFKQRORJ\
>@ ':DQJ0)5DQGROSK'-:KLWH$G\QDPLFODUJHGHIRUPDWLRQILQLWHHOHPHQWPHWKRGEDVHGRQPHVKUHJHQHUDWLRQ&RPSXWHUVDQG
*HRWHFKQLFV
>@ <36KL<5=KRX$%$486ILQLWHHOHPHQWDQDO\VLVRIGHWDLOHGH[DPSOHV&KLQD0DFKLQH3UHVV%HLMLQJ
>@ *%1LFNHOVWHHOSODWHVIRUSUHVVXUHYHVVHOVZLWKVSHFLILHGORZWHPSHUDWXUHSURSHUWLHV
>@ *%6WHHOSODWHVIRUORZWHPSHUDWXUHSUHVVXUHYHVVHOV
>@ $670$$06WDQGDUGVSHFLILFDWLRQIRUSUHVVXUHYHVVHOSODWHVDOOR\VWHHOGRXEOHQRUPDOL]HGDQGWHPSHUHG1LFNHO
>@ *%7$OOR\VWUXFWXUHVWHHOV
